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ABSTRACT 



In a lens system for focusing a divergent beam in a small 
spot and comprising a collimator lens and an objective lens, 
the collimator lens is composed of a positive plastics lens 
element and a negative glass lens element. This collimator 
corrects the temperature-dependent spherical aberration of 
the objective lens. This lens system is very suitable for a 
scanning device and an apparatus for reading/writing high- 
density optical discs. 

8 Claims, 7 Drawing Sheets 
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OPTICAL LENS SYSTEM AND SCANNING tice. The free working distance of an objective lens is 

DEVICE PROVIDED WITH SUCH A SYSTEM understood to mean the distance between the image plane, 

i.e., for example the information plane of a record carrier, 

BACKGROUND OF THE INVENTION and the surface of the lens located closest to this image 

The invention relates to a lens system for imaging a ^ pl^ne. 
punctiform radiation source in a diffraction-limiied radiation 
spot in the image plane of the lens system, which system 
comprises a colUinator lens and an objective lens. The 

invention also relates to an optical scanning device for It is an object of the invention to provide a novel principle 

reading and/or writing information in an information plane, of preventing spherical aberration changes due to tempera - 

and an apparatus provided with such a device. ture variations and to provide a lens system of the type 

Said information plane may be the plane of an optical described in the opening paragraph which does not have 

record carrier in the form of a disc or a tape in which the these drawbacks. According to the invention, the lens system 

optically readable information is present or can be stored. is characterized in that the collimator lens comprises a 

Such a record carrier is, for example, the known compact positive lens element of synthetic material and a negative 

disc (CD) for audio or CD ROM for data or a record carrier lens element of glass, the absolute value of the power of the 

derived therefrom, such as the DVD which has a consider- positive lens element being larger than the absolute value of 

ably higher storage capacity. The information plane may ihe power of the negative lens element, 

also be the plane of another object which can be examined, ^ For the nominal, or design, temperature of the lens 

for example, with a scanning microscope. system, the collimator lens ensures that the objective lens is 

Notably for optical record carriers, there is a growing irradiated with a parallel beam. When the temperature 

need of a scanning device with which increasingly smaller changes, for example, at an increase of the temperature, the 

details can still be read in a well separated manner because powerful positive lens having a large negative dn/dT renders 

more and more information is to be stored on the record ^5 Ihe beam slightly divergent because the refractive index n 

carrier. The quantity of information which can be stored in decreases at an increase of the temperature (T). 

an optical record carrier depends, inter alia, on the size of the Consequently, the focus of the djjective lens moves away 

minimal scanning spot which can be formed by the scanning from this lens. Due to this focus offset, the radiation paths 

device on the information plane. As the scanning spot through the objective lens change, on the one hand, and the 

becomes smaller, the information density may become 3^ magnification of the combination of collimator lens and 

larger. The scaiming spot may be reduced by increasing the objective lens changes, on the other hand. Both changes 

numerical aperture (NA) to, for example, NA=0.6 at the result in a typical change of the spherical aberration. Due to 

image side of the abjective lens with which this scanning the new composition of the collimator lens, both changes of 

spot is formed. Such an objective lens must be well cor- the spherical aberration largely compensate each other so 

rectcd for various aberrations in order that the scanning spot 35 that the combination of collimator lens and objective lens 

actually has the desired shape and size. exhibits a negligible aberration change at a change of the 

The objective lens for an optical scanning device must be temperature, 

small and light-weight and therefore preferably consists of a A preferred embodiment of the lens system according to 

single lens element, one or both refractive surfaces of which the invention is characterized in that the material of the 

are aspherical. An aspherical lens surface is imderstood to 43 negative lens element has a positive temperature coefiScient 

mean a surface whose fundamental shape is regular, for dn/dT the absolute value of which is smaller then the 

example, spherical or plane, but whose real shape sHghtly absolute value of the negative temperature coefficient of the 

deviates therefrom so as to correct for spherical aberration. positive lens element. 

Due to the use of the scanning device, namely in consumer ^his yields a better correction for temperature changes. 

apparaUises for, for example, DVDs or DVD-RAMs, a lens 45 Since the coUimator lens comprises a synthetic material 

element of synthetic matenal is preferably used for the ^^^^^^t and a glass element, this lens may act, in principle, 

objective lenses m these apparatuses. A synthetic material as an achromatic doublet so that it is also possible with this 

lens element is cheaper than a glass lens element and, lens to correct for chromatic abenations of the objective 

moreover, has a smaller weight. The problem of a synthetic jens. To this end, the wavelength dispersion of the synthetic 

material lens element is that this element wiU exhibit ^heri- 50 material element is preferably as small as possible, 

cal aberrations at a change of the temperature, despite the , , r .1 . 

fact that this element is designed in sucia way that it is foe J^\^'^ '^.^^^"'^^^ charactenzed in that the two 

from spherical aberration at the nominal tenmerature. rcfractn^e surfaces of the posiUve lens clement arc aspherical 

^ surfaces. 

In U.S. Pat. No. 5,474,537, relating to a scanning device ™_. . i. . . , 

for optical records, it is proposed to reduce the spherical 55 . ^f, ""^^ contributes to the fact that the lens system 

aberration due to temperature variations by replacing the |^ J'^,^""' °' aberration at the design 

colUmator lens of a lens system of which also the objective temperature. 

lens fonns part by a lens passing a non-parallel, divergent, system may be further characterized in that the 

beam to the objective lens. The relevant lens is referred to as material of the positive lens element is polycarbonate and 

capture lens and is no longer a collimator lens. However, the 60 *® material of the negative lens element is the glass SFll. 

solution as proposed in U.S. Pal. No. 5,474,537 is not usable This glass has a large refractive index n and a relative 

in a scanning device or an apparatus in which the objective large positive dn/dT value, while the synthetic material 

lens is placed on a movable slide in order to be able to move polycarbonate (PC) has a relatively good optical quality, 

it rapidly with respect to the record carrier, whereas the However, the lens system is preferably fiirther character- 

collimaior lens is stationary. Moreover, since the objective 65 ized in that the material of the positive lens element is 

lens is no longer irradiated by a parallel beam, its free polymethyl methacrylate and the material of the negative 

working distance is reduced, which is a drawback in prac- lens element is the glass SF 11. 
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The synthetic material polymethyl melhacrylate has a shown in FIG. 1 but are perpendicular to the plane of the 

relative low dispersion factor so that its use enables the drawing in the cross-section shown. The areas may each 

collimator lens to satisfactorily fulfil the function of an have an optically detectable shape and may be, for example, 

acfaromatic doublet. pits or areas whose reflection coefiBcient or direction of 

-nie invention also relates to an optical scanning device 5 magnctizadon differs from that of the ambience, or a com- 

r . • f 4- 1 W- • J bmalion of these forms. 

for scanning an mformaUon plane. This scanmng device, ... . . . . 

which comprises a radiation source for supplying a scanning scanmng device comprises a radiation source, for 

beam and a lens system for focusing this beam on the ^^.'^'^P^*^ a semiconductor laser emittmg a diverging radia- 

information plane, is characterized in that the lens system is }^°° beam. Tins beam is reflected to a 

the system described hereinbefore. lens system by a beam splitter 8. for example, a semi- 

^ transparent mirror. This system comprises a collimator lens 
The invention also relates to an apparatus for reading n ««j . i m u „ j- *• a -n, ^ 
.. ' r- • , i. " and objective lens 10, shown diagrammatically. The col- 
ana/or wnting mformation m an mformaUon plane of an i:^„t«, i™ «k« u ™ • . — . j 

. , J • r« . L • L . limator lens converts the diverging beam into a collimated 

opnca record earner. Tlis apparatus, which comprises an j,^^ 14 ^^^.^^^ ^„ ^^i^^ , 

opucal scannmg device for forming a scanmng spot on the ^^^^^ coUimated beam into a converging beam 17 and 

miormation plane, a radiation-scnsitivc detecUon system for ^„ tu*« • j- . io 

.' - , . r . , ■ , . focuses this beam m a radiation spot 18, the scanmng spot, 

converting radiauon from the mfonnaUon plane mto electnc „^ information layer 3. The objective lens is show^in the 

signals, and means for movmg the scannmg ^t and the Figure by way of a single lens element but may altenatively 

miormatiODplanc With respect to each Other, IS characterized « ^^i^^^ ^i^™ . n u i 

t t_ • . j -.t - . , comprise a plurahty oi lens elements as well as a hologram 

m that the optical scanmng device is the device mentioned ■ ' • *■ n ■ *u ir 

above ^ & worfcrng in transmission or retiection. By usmg the collima- 
tor lens, the object, the emissive surface of the radiation 

These and other aspects of the invention are apparent source, and the image, the scanning spot 18, are conjugated 

from and wiU be elucidated with reference to the embodi- at infinity and the objective lens receives a parallel beam, 

ments described hereinafter j^^g ^^^^g reading information, the record carrier 

BRIEF DESCRIPTION OF THE DRAWINGS ^ ' f"^' ^ ^"r"° ^ ^ 

miormation track is scanned by the scanmng spot 18. By 

In the drawings: moving the scanning spot with respect to the record carrier 

HG. 1 shows diagrammaticaUy an embodiment of an direction perpendicular to the plane of the drawing in 

apparatus for reading and/or writing an optical record carrier concentric tracks, or the complete spiral track, can 

provided with an optical scanning device; be scanned. The last-menUoned movement can be realized 

mr- t t. .ri . J by providing the scanning device or a part thereof, including 

no 2 shows a first embodiment of a lens system accord- at least the objective lensfon a sUde which is movable in said 

devia- '""^ "^""""^ "^"^ i^f^^-^ion is ^^^S. read, the radiation of 

' the converging beam 17 reflected by the information layer 3 

FIG. 3 shows a lens system which is not designed in 35 is modulated with the information which is stored in the 

accordance with the mvention; successive information areas. This reflected radiation con- 

FIG. 4 shows a second embodiment of the lens system stitutes a reflected beam 20 which returns along the path of 

according to the invention. the projected converging beam 17. The objective lens 10 and 

FIG. 5 shows a third embodiment of this lens system; collimator lens 9 convert the reflected and the modulated 

FIG. 6 shows a fourth embodiment of this lens system, ^0 diverging beam into a converging reflected beam 21, and the 

beam splitter 8 passes a part of the beam 21 to a radiation- 

rr,^ - t- ' t- ' ^ r - sensitive detection system 21. The detection system converts 

rl(j. 7 snows a composite objective lens for use m this ,t j* ^* c ,u- u • » 1 . • • 1 

lens s te radiation ot this beam mto one or more electnc signals. 

^ One of these signals is an information signal 23 which 

DESCRIPTION OF THE PREFERRED represents the information read froin the information plane. 

EMBODIMENTrS") Another signal is a focus error signal 24 which is represen- 
tative of a possible axial deviation of the focus 18 with 

FIG. 1 shows a part of a round, disc-shaped record carrier respect to the information plane 3. This focus error signal, 

1 in a radial cross -section. Hiis record carrier has a trans- which can be generated in various and known manners, is 

parent layer 2, one side of which is provided with an 50 used as an input signal for a focus conU-ol circuit 25 which 

information layer 3. The side of the information layer 3 drives an axial actuator (not shown) for the objective lens, 

remote from the transparent layer 2 may be protected from such that the axial position of the focus 18 coincides with the 

ambient influences by a protective coating 4, The side 5 of plane of the information layer 3. Another signal which is 

the transparent layer 2 facing the scanning device is referred supplied by the detection system is a tracking error signal 

to as the entrance plane. The transparent layer functions as 55 which is representative of a possible deviation between the 

a substrate of the record carrier and constitutes a mechanical center of the scanning spot and the cenlerline of the instan- 

support for the information layer. It is alternatively possible taneously read information track. This signal, which can also 

that the transparent layer 2 only serves as a protection for the be generated in various and known manners, is used as an 

information layer and that the mechanical support is sup- input signal for a radial control circuit (not shown) which 

plied by a layer on the other side of the information layer, for 60 drives a radial acmator in such a way that the center of the 

example, by the protective coating 4 or, in the case of a scanning spot 18 coincides with the centerlinc of the track 

record carrier with two information layers, by the second which has been read. 

information layer and a U-ansparem layer provided on the When information is being written into the information 

information layer 3. The information may be provided in the layer, the beam 7 emitted by the source is modulated with 

form of optically detectable areas in the information layer 3 65 the information signal to be written. This modulation may be 

of the record carrier, which areas are arranged in sutetan- realized by means of a separate modulator arranged in the 

tially paraUel, concentric or spiral tracks which arc not path of this beam, for example an acousto-optical modulator 
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which is driven by the information signal to be written, or by dn/dT will render the beam 14 slightly diverging, for 

direct drive from the source with the information signal to be example, at a temperature increase because the refractive 

written. Also when information is being written, the detec- index n then becomes smaller. Consequently, the focus of the 

tion system 22 can supply a focus error signal and a tracking beam 17 will be further away from the objective lens 10, 

error signal. The information signal read from the informa- 5 jhis focus change has two effects, 

tion layer then ojmprises, for example, information about ^ ^^^^ 

data, such as addresses, previously provided on the record . , . j. f.. r-.- -j f*i_ 

carrier and used for writing the actual information. "^i'f'''.^ '"^-^ ^"f '^""'^ '^^J"^'^," 

™. , . . , . f i_i J c .u synthetic material objective lens which has also changed as 

The obiective lens is preferably made of a synthetic ' 1. r.. . \. • l • 1 l 

material because of the advantages of price and weight of a the temperature increase, the sphencal aberration 

synthetic material lens as compared with a gla^ lens. '° of this lens changes. At a decrease of the refracU^^^ 

Furthermore, the objective lens preferably has two aspheri- ^e posiUve sphencal aberration, which hercm 

cal refractive surfaces and is designed in such a way that the ^^^^^ ^^y^ ^« ^ mtersect the 

spherical aberrations introduced by the uansparenl layer 2 of optical axis 15 at a point which is further remote from the 

the record carrier, because the scanning beam is a converg- objective lens than the paraxial focus. The paraxial focus is 

ing beam in the layer, are corrected. The synthetic material the point where the paraxial rays extending closely along the 

objective lens may be made by means of, for example, a optical axis intersect the optical axis. The change of the 

molding process and can t»e provided with aspherical sur- wavefront (AWc), caused by the refractive index change, of 

faces in a relatively simple way. When the lens is molded, the beam 17 exiting from the lens system 9, 10 is defined in 

use is made of dies, with the inner surface of such a die being a very good approximation by the expression: 

a negative of the desired lens surface. Known materials for 20 

these types of lenses are polymethyl methacrylate (PMMA) AWc-An. (D-d) (i) 
or polycarbonate (PC). The formation of aspherical surfaces 

in synthetic material has the advantage that a cumbersome ^ which D is the geometrical path length of a border ray 

grinding and polishing process, as would be necessary for a through the lens and d is the path length of an axial ray. For 

glass lens element, can be dispensed with. 25 standard objective lenses, the value D-d is negative and this 

The synthetic material objective lens is, however, scnsi- applies both to the second-degree terms defining the defo- 

tive to temperature variations. Particularly the change of the cusing and to the fourth-degree terms defining the spherical 

refractive index of the synthetic material occurring at a aberration. 

temperature change causes a change of the optical behavior In the second place, an oflfeet of the focus has the effect 
of the lens. Moreover, a temperature change may also result 33 that the magnification of the combination of collimator lens 
in a change of the shape of the lens. At the same temperature and objective lens changes. Since the objective lens must 
change, the change of the refractive index has a considerably comply with the Abbe sine condition because it must have 
greater influence on the optical behavior than a change of the a sufiBciently large image field, it canool comply with the 
shape. The temperature variation predominantly results in a Herschel condition outside the paraxial region. The latter 
variation of the spherical aberration. A synthetic material 35 condition, described by Herschel in Phil. Trans, Roy, Soc. 
objective lens which is designed in such a way that it does HI, P* 226, 1821, guarantees that the image will remain 
not have a spherical aberration at the nominal, or design, sharp if the magnification changes. An objective lens com- 
temperature will indeed have spherical aberration at a tem- plying with the Herschel condition has, however, a too small 
perature deviating from this nominal temperature, with the image field for use in a scaiming device for optical record 
size of this aberration being determined by the temperature 40 carriers. The change of the magnification thus leads to a 
deviation. The variation of the spherical aberration particu- spherical aberration and hence to a wavefront change AW^^ 
larly occurs in projection lenses having a large numerical defined by: 
aperture, for example NA«0.6, which is necessary for read- 
ing an optical record carrier having a large information [ ((sim/2)/an(ff'/2)))M (2) 
density such as said DVD. 45 = -i^.^ia' f2)^i - ^^^^^j^^^^^)]^ j 

To compensate for the temperature-dependent variation of 
the spherical aberration of the objective lens, a collimator 

lens is used according to the invention, which coUimator ^ "^^^^^ ^ ^°slcs by which the border rays 

lens is composed of a powerfully positive lens element of ^ object space and in the image space, respectively, 

synthetic material and a negative lens element of glass. FIG. 50 ^^^^^ *° ^P^^*^^ *° condition, 

2 shows a first embodiment of a lens system according to the ^^^^^e angles are related to each other via; 

invention. In this Figure, the collimator lens is denoted again n. • , 
by the reference numeral 9 and the objective lens is denoted 

by the reference numeral 10. This Figure also shows the in which P' is the transverse magnification of the collimator 

transparent subsu-ale 2 and the information layer 3 of the 55 lens and the objective lens combined, 

record carrier. The reference numeral 30 denotes the axial Due to the novel construction of the collimator lens, the 

position of the radiation-emissive surface of the radiation two, positive and negative, changes of the spherical aberra- 

source 6. The object main point P, the image main point P*, tion largely compensate each other so that the collimator 

the object focus F and the image focus F of the objective lens and the objective lens combination exhibits hardly any 

lens are also shown. The positive synthetic material lens 60 change of aberration at a change of the temperature, 

element is denoted by reference numeral 31 and the negative in the embodiment of FIG, 2, the positive lens element 31 

glass lens clement is denoted by the reference numeral 32. is made of PMMA and the negative lens element 32 is made 

These lens elements have such a power al the design of high-refractive flint glass known by its type name SFll 

temperature that they jointiy convert the beam from the from the optical glass catalogue of the firm of Schott. The 

source into a collimated beam. 55 objective lens is made of PMMA. The object focus of the 

The composite collimator lens operates as follows. The collimator lens is 22.0 mm and the image focus of the 

powerfully positive lens clement 31 having a large negative objective lens is 3.3 mm. To give an impression of the size 



(3) 
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of the lens elements and the distance therebetween, a scale 
gradation of 5 mm is shown in the Figure. 

For the embodiment of FIG. 2, it holds that a spherical 
aberration change AOPD-+9.6 mK occurs at a temperature 
changp of -30** and a spherical aberration change of -110 5 
mX occurs at a temperature change of +30°. For the sake of 
comparison, FIG. 3 shows a lens system consisting of a 
single collimator lens 40 of PMMA and an objective lens 41 
also consisting of PMMA, which system is compensated as 
satisfactorily as possible for temperature variations. The iq 
image focus of the objective lens is 3.3 mm again and the 
object focus of the objective lens is 22.0 mm. Hie scale of 
FIG. 3 slightly deviates from that of FIG. 2 as will be 
apparent from a comparison of the scale gradations. For the 
system of FIG. 3, it holds that a spherical aberration change 15 
AOPD=+26 mk occurs at a temperature change of -30* and 
a ^herical aberration change AOPD=-33 mk occurs at a 
temperature change of +30', which aberration changes arc 
considerably larger than those of the lens system of FIG. 2. 

In the embodiment of FIG. 2 and the embodiments still to 20 
be described, a choice for the glass SFll has been made as 
a material for the negative lens element. Instead of this glass, 
a different glass may be chosen alternatively. The best 
possible compensation is, however, achieved if the glass 
element has a positive dn/dT value which is as large as 25 
possible. In fact, not only the positive synthetic lens element 
31 with a large negative dn/dT but also the negative glass 
lens element contributes to the temperature compensation of 
the objective lens 10. Glasses having a high positive dn/dT 
value are, for example, the high -refractive flint glasses such 30 
as the types SF6 or SFll of the firm of Schott. 

FIG. 4 shows an embodiment of the lens system according 
to the invention which differs from that of the Figure in that 
the positive synthetic material lens element 35 is made of PC 
instead of PMMA. For this embodiment, it holds that a 35 
change of the spherical aberration A0PD=+11.4 mk occurs 
at a temperature change of -30** and a spherical aberration 
change of -14.3 mk occurs at a temperature change of +30". 
These spherical aberration changes are comparable with 
those of the lens system of FIG. 2. 40 

However, the lens system of FIG. 4 is more sensitive to 
a focus ofi&et as a result of a wavelength change than the lens 
system shown in FIG. 2. A wavelength change may occur in 
a scanning device of the type described here with a diode 
laser as a radiation source at a variation of the temperatiu-e 45 
of this laser. The foci;s oflfeet is predominantly the result of 
the fact that the single objective lens, which must be as small 
and light-weight as possible, cannot be corrected for wave- 
length variations. To decrease this wavelength dependence 
of the lens system, advantageous use may be made of the 
fact that the new collimator lens comprises a synthetic 
material element and a glass lens element. This combination 
in the collimator lens may fulfil an achromatizing function, 
provided that the synthetic material lens element has a small, 
wavelength, dispersion factor dn/dX. A material having both 
a large temperature dispersion factor dn/dT and a small 
wavelength dispersion factor dajdk is, for example, PMMA. 
The material PC does not only have a large dn/dT but also 
a large dn/dX and is thus less suitable for use in the lens 
system when wavelength changes must also be compen- 
sated. This is illustrated by the fact that, in the design of the 
lens system shown in FIG. 4 with a PC lens element 35, the 
focus offisei as a result of a wavelength change, dz/dX is 
equal to 250 nm/nm for the combination of collimator lens 
and objective lens and is equal to 230 nm/nm for the 
combination of collimator lens, objective lens and transpar- 
ent layer 2 of the record carrier, while these values arc 105 



nm/nm and 125 mn/nm for the design with a PMMA lens 
element 31 shown in FIG. 2, The lens system of FIG. 2 is 
therefore a preferred embodiment. The lens system of FIG. 
3 is satisfactorily usable if no or only a small wavelength 
change is to be expected and temperature shifts are not too 
large. 

In the preferred embodiment of FIG. 2, in which the 
different planes from the object plane to the plane of the 
information layer 3 are denoted by the reference nimierals 
50-58, the parameters 

the axial curvatures C of the planes; 

the axial distances di between these planes; 

the diameters Di of the beam at the area of these planes, 
and 

the refractive indices n 
have the following values: 



No. 


di (mm) 


C (mm-^ 


Q 


Di (mm) 


50 


.0010 


.00000000 


1.000000 


5.0000 


51 


27.7839 


.14720521 


1.000000 


5.0000 


52 


2,0000 


-.09305027 


1.489314 


5.0000 


53 


1.1000 


.00000000 


1.000000 


5.0000 


54 


1.6000 


.12869800 


1.776660 


4.0000 


55 


5.0000 


.45638564 


1.000000 


4.0000 


56 


2.9260 


-.23528084 


1.488510 


3.0000 • 


57 


1.3500 


.00000000 


1.000000 


5.0000 


58 


.600 


.00000000 


1.580570 


5.0000 



The geometrical length of the system is 42.36086 mm and 
the focal length of the objective lens is 3.3 mm and that of 
the colhmator lens is 22.0 mm. 

This lens system has four aspherical surfaces: 51, 52, 55 
and 56 which may be characterized by: 

Where Y is the perpendicular distance between a point on 
the aspherical surface and the optical axis, 2 is the distance 
between the projection on the optical axis of this point and 
the point of intersection of the optical axis with the aspheri- 
cal surface and arc the aspherical coefficients. The values 
of these coefficients for the different aspherical surfaces are: 





surface 50 


surface 51 




- .73602605E-O1 


32 = -.46525135E-01 




ft* - .16476267E-03 


a* - .54654947E-03 
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= -.36851582E-Q5 


a« - -.18450681 E-04 




ft8--.16673246B-0S 


ag - -.11894212E-05 
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82 - .24818782E-00 


&2 - -.13764042E-00 
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a* - .53402346E-02 


a* - .1 602265 6E-01 


ae - .96736058E-O3 


a^ - .14144176E-01 




ftg - -.70966426E-03 


ae - -.16953307E-01 




a^o - .53389531E-03 


a,o - .6999401 4E-02 




au - -.20281129E-a3 


a,2 - -.10576552E-02 




- .36004705E-04 




60 


- -.24642647E-05. 





FIG. 5 shows an embodiment of the lens system whose 
collimator lens consisting of a positive synthetic material 
lens element 37 of PMMA and a negative glass element 38 
of SFll gives an excessively strong correaion for tempera- 
ture variations. At a temperature variation of -30*, the 
change of the sph^cal aberration A0PDb43 mk and at a 



06/23/2004, EAST Version: 1.4.1 



us 6,317,276 Bl 



10 



temperature variation of +30**, the change of the spherical 
aberration AOPD— 10.3 m>.. However, for this lens system. 
dz/d>.-155 nm/nm for the combination of collimator lens 
and objective lens, and dz/dX-135 nm/nm for the combina- 
tion of collimator lens and objective lens and transparent 
layer 2 of the record carrier. The lens system of FIG. 5 is thus 
slightly less well corrected for wavelength variations than 
the lens system of FIG. 2. Also in the lens system of FIG. 5, 
the collimator lens has a focal length of 22.0 mm and the 
objective lens has a focal length of 3.3 mm. 

FIG. 6 shows an embodiment of the lens system which is 
distinguished from the foregoing one in that the positive 
synthetic material element 45 and the negative glass element 
have changed places. This system is more compact than that 
of FIGS. 2, 4 and 5 but has a slightly less satisfactory 
correction for temperature and wavelength changes. For the 
system of FIG. 6, it holds that the spherical aberration 
change AOPD«+12.9 mX for a temperature variation of -30° 
and the aspherical aberration change AOPD=-16.3 mK for a 
temperature variation of +30°. Furthermore, dz/dX-175 
nm/nm for the combination of collimator lens and objective 
lens, and dz/dX-155 nm/nm for the combination of colli- 
mator lens and objective lens and transparent layer 2 of the 
record carrier. 

In the embodiments of the lens system described 
hereinbefore, the objective lens consists of a single lens 
element. Such a lens system may have an image aperture up 
to 0.6 and is suitable for reading an optical record carrier 
such as a DVD having a considerably higher information 
density than an audio CD. If the information density is to be 
further increased so as to record, for example, a digital video 
signal on an optical record carrier, the numerical aperture of 
the lens system must be further increased to, for example, 
NA=0,85. An attractive possibility of increasing the NA 
without the costs of the objective lens becoming too high 
and the image field becoming too small is to provide a 
planoconvex lens element between the actual objective lens 
element and the record carrier. This planoconvex lens 
element, also referred to as solid immersion lens or slider 
lens, may be present at a very short distance from the record 
carrier but also at a slightly larger distance, for example 300 
/an. The converging function of the objective system is then 
spread across the actual objective lens element and the 
planoconvex lenselement. An advantage of the planoconvex 
lens element is that this element introduces hardly any 
aberrations in the radiation beam. 

The invention may be used also in a lens system with such 
a composite objective lens, i.e. a collimator lens may be used 
with a positive synthetic material lens element and a nega- 
tive glass element. By way of illustration, FIG. 7 shows an 
embodiment of the composite objective lens 60 on a larger 
scale, as well as the ray paths through this lens. The 
objective lens element is denoted by the reference numeral 
61 and the planoconvex lens is denoted by 62. The lens 
element 61 may be a planoconvex element with an aspheri- 
cal surface but, as is shown in FIG. 7, it is preferably a lens 
element with an aspherical convex surface 64 and an 
aspherical concave surface 65. The lens element 61 may be 
designed in known manner in such a way that the spherical 
aberrations introduced by the planoconvex lens element 62 
and the transparent layer 2 can be compensated, so that the 
scanning beam near the focus, or scanning spot, 18 is 
essentially free from spherical aberration. The convex sur- 
face 66 of the lens element 62 is preferably also aspherical. 
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Then, the aberration correction can be ensured by a plurality 
of lens surfaces so that a better and simpler correction 
becomes possible. For further details of the objective lens 
with a planoconvex slider lens element, reference is made to 
EP-A 0 727 777 in which a scanning device provided with 
such an objective lens is described. 

The fact that the invention has been described with 
reference to its use in an apparatus for reading and/or writing 
information in an optical record carrier does not mean that 
its application is limited thereto. The invention may be used 
wherever scanning must take place at a high resolution, 
hence with a small scanning spot. Examples are a scanning 
optical microscope having a very high resolution or optical 
inspection apparatuses having a high resohition for various 
applications. 

What is claimed is: 

1. A lens system for imaging a punctiform radiation 
source in a diffraction-limited radiation spot in the image 
plane of the lens system, which system comprises a colli- 
mator lens and an objective lens, characterized in that the 
collimator lens comprises a positive lens element of syn- 
thetic material and a negative lens element of glass, the 
absohite value of the power of the positive lens element 
being larger than the absolute value of the power of the 
negative lens element 

2. A lens system as claimed in claim 1, characterized in 
that the material of the negative lens element has a positive 
temperature coeflScient dn/dT the absolute value of which is 
smaller then the absolute value of the negative temperature 
coefficient of the positive lens element, in which n is the 
refractive index of the material of the relevant lens element 
and T is the temperature. 

3. A lens system as claimed in claim 1, characterized in 
that the two refractive surfaces of the positive lens element 
are aspherical surfaces, 

4. A lens system as claimed in claim 1, characterized in 
that the material of the positive lens element is polycarbon- 
ate and the material of the negative lens element is the glass 
SFU. 

5. A lens system as claimed in claim 1, characterized in 
that the material of the positive lens element is polymethyl 
methacrylate and the material of the negative lens element is 
the glass SFU. 

6. A lens system as claimed in claim 1, characterized in 
that the objective lens is constituted by a positive convex- 
concave lens element and, provided on its image side an 
auxiliary element in the form of a planoconvex lens element, 

7. An optical scanning device for scanning an information 
plane, comprising a radiation source for supplying a scan- 
ning beam, and a lens system for focusing the scanning 
beam to a scanning spot on the information plane, charac- 
terized in that the lens system is a system as claimed in claim 
1. 

8. An apparatus for reading and/or writing information in 
an information plane of an optical record carrier, comprising 
an optical scanning device for forming a scanning spot on 
the information plane, a radiation-sensitive detection system 
for converting radiation from the information plane into 
electric signals, and means for moving the scanning spot and 
the information plane with respect to each other, character- 
ized in that the optical scanning device is a device as claimed 
in claim 7. 
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